Purpose: This study aimed to investigate whether the extracellular-to-intracellular fluid volume (E/I) ratio can predict survival in patients with metastatic cancer. Methods: Clinical data were collected from April 2016 to March 2018. Patients aged ≥19 years with metastatic solid tumor were eligible. Bioimpedance analysis was used to assess body fluid distribution and the E/I ratio. Clinical characteristics, including laboratory test results and nutrition status according to the E/I ratio, were analyzed. Cox proportional hazards models and Kaplan-Meier analysis were used to identify risk factors for mortality. Results: In total, 87 patients were included in the study. The 87 patients were divided into 2 groups according to the median E/I ratio: a high E/I group (E/I ratio ≥1.0, n = 43) and a low E/I group (E/I ratio <1.0, n = 44). Poor performance status, fluid retention, malnutrition, elevation of C-reactive protein levels, and decreases in hemoglobin, albumin, and protein levels were significantly associated with the high E/I group. The median overall survival time was 1.6 and 12.5 months in the high E/I and low E/I groups, respectively (P < .001). In the multivariate analysis, poor performance status, leukocytosis, fluid retention, and E/I ratio were independent prognostic factors, and the E/I ratio was the strongest prognostic factor predicting overall survival (hazard ratio = 3.49, 95% confidence interval = 1.75-6.96, P < .001). Conclusions: The E/I ratio can predict survival time in patients with metastatic cancer. More rigorous research is required to confirm this result.
Introduction
Only 20.9% of patients with advanced or metastatic tumor survive for 5 years according to national statistics in Korea, and 4% to 30% survive in the United States.
1,2 Predicting survival time is important for deciding between aggressive anticancer therapies to prolong survival time and supportive care to manage patient symptoms and quality of life as the appropriate treatment plan for patients with metastatic cancer. 3, 4 Several prognostic methods have been developed for clinicians to treat patients with an optimal treatment plan. Clinical symptoms including anorexia, dyspnea, and delirium and laboratory data including leukocytosis, lymphocytopenia, and elevated C-reactive protein (CRP) levels have been suggested to be prognostic factors of survival time in patients with cancer. 5 Additionally, several combinations of clinical symptoms and laboratory data, such as palliative prognostic score and palliative prognostic index, have been proposed. 6 Comprehensive and objective predicting tools are still necessary to refine and complement prognostic models. 7 The extracellular-to-intracellular fluid volume ratio (E/I ratio), which varies from 0.59 to 0.75 in healthy adults, 8, 9 represents the internal fluid distribution in human body. In particular, it shows a significant association with disease states such as inflammation, immune activation, and fluid shift due to poor tissue perfusion. 8 Bioimpedance analysis (BIA) provides a noninvasive, reliable, and simple bedside technology for diagnosing subclinical fluid accumulation, including extracellular and intracellular fluid volume, utilizing the electrical properties of body tissues. 10 The E/I ratio is positively associated with aging 11 and malnutritional status.
9 E/I ratio was also a strong independent predictor of mortality and survival in patients of end-stage chronic diseases. 12, 13 The E/I ratio was also reported to have a potential relationship with survival time in patients with cancer receiving palliative care.
14 An elevated metabolic rate and accumulation of extracellular body fluid have been related to poor survival in patients with cancer, who often suffer from malnutrition, inflammation, and fluid retention such as pleural effusion, ascites, and edema of peripheral extremities. 15, 16 This study aimed to evaluate clinical characteristics including laboratory test results and nutrition status according to the E/I ratio and confirm the value of the E/I ratio as an independent prognostic factor in patients with metastatic cancer.
Study Purpose
The purpose of the study was to investigate whether the E/I ratio is related to survival time in patients with metastatic cancer. 
Methods

Study Design and Eligibility
Data Collection
Clinical and medical data, including age, sex, medical history and medication, primary cancer lesion, TNM stage, major cancer treatment history, and concurrent treatment status, were collected from medical records. Major cancer treatment history was defined as surgery, chemotherapy, and radiotherapy. Body mass index, Eastern Cooperative Oncology Group performance status (ECOG-PS; 0, fully active; 1, restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature; 2, ambulatory and capable of all self-care but unable to carry out any work activities; 3, capable of only limited self-care, confined to bed or chair more than 50% of waking hours; 4, completely disabled; 5, dead), and BIA results were assessed by clinical physicians. Laboratory test results 3 days before and after BIA assessment were recorded. White blood cell and platelet counts and hemoglobin, CRP, blood urea nitrogen, serum creatinine, sodium, potassium, chloride, protein, albumin, total bilirubin, aspartate aminotransferase, alanine aminotransferase, and alkaline phosphatase levels were assessed.
Inflammation was defined as abnormal CRP elevation (CRP level >1.0 mg/dL). Anemia, hypoalbuminemia, and hyponatremia were graded according to the Common Terminology Criteria for Adverse Events version 4.0. Fluid retention was defined as abnormal fluid collection in the pericardial, pleural, or abdominal cavity or the peripheral extremities and assessed through an imaging examination confirmed by a radiologist.
Nutritional status was independently assessed by 2 professional clinical dieticians according to the Kyung Hee Neo Nutrition Risk Screening (KNNRS) score, which was developed to identify hospitalized patients with malnutrition risk based on the Subjective Global Assessment (SGA) and the European Society for Clinical Nutrition and Metabolism (ESPEN) guidelines. [17] [18] [19] According to the KNNRS, nutritional status was divided into 3 categories: 0 to 3, well nourished (absence of malnutrition or normal nutrition); 4 to 10, mild to moderate malnutrition; and 11 to 20, severe malnutrition.
Bioimpedance Measurement
Bioimpedance was measured using the BIA 450 bioimpedance analyzer (Medinex, Seoul, Republic of Korea) and the unilateral wrist-ankle method. Immediately preceding the BIA, the height and weight of the patient were measured. We avoided the measurement both less than 30 minutes and more than 6 hours after meal time to avoid the patient from undergoing excessive satiety or starvation. In the absence of excessive satiety or starvation, the patient was stabilized in supine position for 15 minutes and toilet visit was recommended before the test. After 15 minutes, the patient underwent the test in the supine position. Four bipolar electrodes were placed on the wrist, dorsum of the right hand, anterior ankle, and dorsum of the right foot. A 60-kHz frequency was used to measure the intracellular and extracellular fluid of the patients, which took approximately 2 minutes. The E/I ratio was calculated as the extracellular fluid amount divided by intracellular water amount. Toilet visit was recommended before the test.
All measurements were performed by the same examiner throughout the study. The patients were divided into 2 groups according to the median values of the E/I ratio distribution: a low E/I ratio (E/I <1.0) and a high E/I ratio (E/I ≥1.0) group.
Data Analysis
All variables are expressed as mean ± standard deviation or median (range). For continuous variables, an independentsample t test was performed. For variables not normally distributed, the Kruskal-Wallis test was used. For categorical variables, a χ 2 test was performed. Hazard ratios of all-cause mortality in the study population were assessed with Cox proportional hazard ratio models. Univariate and multivariate analyses were performed, and mortality was plotted using a Kaplan-Meier survival curve. A log-rank test was used to assess statistical differences in survival. Differences were considered statistically significant for P < .05. Every analysis was calculated and plotted using PASW Statistics for Windows (SPSS) version 18.0 (SPSS Inc, Chicago, IL). 
Results
Between
Demographic Characteristics
Of the 87 patients included in this study, 44 (50.6%) were men and 43 (49.4%) were women. The mean age was 65.1 (range = 36-95) years. The most common type of cancer was gastrointestinal tract cancer: 33 patients (37.9%) had gastrointestinal cancer, 21 (24.1%) had hepatobiliary cancer, 14 (16.1%) had urogenital cancer, and 6 (6.9%) had lung cancer. Every patient was in stage IV according to TNM staging. More than half of the patients underwent surgery and/or chemotherapy; 47 patients (54.0%) had surgery, 57 patients (65.5%) received chemotherapy, and 21 patients (24.1%) experienced radiotherapy (Table 1) .
There were no patients with an ECOG-PS of 0, 29 patients (33.3%) had an ECOG-PS of 1, 27 (31.0%) had an ECOG-PS of 2, 17 patients (19.5%) had an ECOG-PS of 3, and 14 patients (16.1%) had an ECOG-PS of 4. Although 29 patients (29.3%) had a normal nutritional status, the majority of patients experienced malnutrition, with 55 patients (63.2%) with mild to moderate malnutrition and 3 patients (3.4%) with a severe malnutrition status. Anemia of grade 2 or higher was observed in 32.2% of patients, hypoalbuminemia in 25.3%, and hyponatremia in 9.2%.
Patient Characteristics According to 2 Quantiles of E/I Ratio
The overall characteristics of the patient groups divided according to E/I ratio are shown in Table 2 . Patients in the high E/I ratio group had a poor performance status, indicated by an ECOG-PS of 3 or worse (46.5% vs 25.0%, P = .045), experienced more fluid retention including pleural effusion and ascites (65.1% vs 15.9%, P < .001), and experienced more malnutrition (81.4% vs 52.3%, P = .007). In the high E/I ratio group, the CRP level was significantly higher (4.8 ± 6.8 vs 2.3 ± 3.4 mg/dL, P = .037), while the hemoglobin level (10.2 ± 1.5 vs 11.6 ± 2.1 g/dL, P = .001), serum protein level (6.33 ± 0.9 vs 6.78 ± 0.7 mg/dL, P = .010), and albumin level (3.14 ± 0.6 vs 3.63 ± 0.6 mg/dL, P = .001) were significantly lower.
Univariate and Multivariate Analyses for Mortality
In the univariate analysis, low body mass index, poor ECOG-PS, leukocytosis, inflammation, anemia, hyponatremia, hypoalbuminemia, fluid retention, malnutrition, and E/I ratio were predictors of overall survival. In the adjusted multivariate analysis, poor ECOG-PS, leukocytosis, fluid retention, and E/I ratio were significant predictors of overall survival (hazard ratio [95% CI]): poor ECOG-PS 2.51 (1.16-5.44), leukocytosis 2.65 (1.19-5.92), fluid retention 2.17 (1.05-4.49), and E/I ratio 3.49 (1.75-6.96; Table 3 ).
Survival Curve
The overall survival of patients differed significantly between the high and low E/I ratio groups. The median overall survival of the high E/I ratio group according to the Kaplan-Meier survival curve was 1.6 months (95% CI = 0.7-2.5 months), whereas that of the low E/I ratio group was 12.5 months (95% CI = 4.1-20.9 months; P < .001; Figure 2 ).
Discussion
This study aimed to evaluate the clinical characteristics of patients with metastatic cancer according to the E/I ratio and to investigate whether the E/I ratio was related to survival time in patients with metastatic cancer. This study showed that a high E/I ratio (≥1.0) independently predicted a poor prognosis in patients with metastatic cancer. E/I ratio indicates the fluid distribution in the human body. Fluids in the body lubricate movement of organs, aid in the excretion of waste matter, and mediate metabolism by transporting energy and substances including cytokines. Body fluid distribution tends to maintain homeostasis through active and passive transport systems. E/I ratio has already shown a relationship with overall condition and prognostic possibility in patients with chronic disease. 12, 13, 20 The E/I ratio in patients with cancer may be imbalanced due to several reasons. Patients with cancer experience a higher incidence of hyponatremia, which is mainly related to the syndrome of inappropriate secretion of antidiuretic hormone secretion. 21, 22 Cancerous tissues in the peritoneum, pleura, or pericardium induce excessive and unnecessary effusion with or without major organ failure, which Abbreviations: E/I, extracellular-to-intracellular fluid volume; BMI, body mass index; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; WBC, white blood cell count; CRP, C-reactive protein; Hb, hemoglobin. *Indicates that the P value was statistically significant (P < .05).
can change cardiovascular permeability and induce unnecessarily excessive fluid accumulation. 23 Patients with cancer often experience fluid retention such as pleural effusion, ascites, or edema in the peripheral extremities. 15, 16 Fluid retention in patients with cancer commonly results from dysfunction of important organs. 24 Fluid imbalance is also closely associated with inflammation, 25 malnutrition, 26 and body composition 27 in patients with cancer.
Until now, the distribution of body fluid has mainly focused on the evaluation of periodic dialysis in patients with ESRD. 28, 29 The higher E/I ratio in patients with renal failure was suggested to be a predictor of prognosis in the context of the malnutrition-inflammation-atherosclerosis complex, 26 as many cancer patients share the characteristics of malnutrition and inflammation. [30] [31] [32] [33] The study by Crawford et al supported the suggestion that accumulation Abbreviations: E/I, extracellular-to-intracellular fluid volume; mOS, median overall survival; MO, months; CI, confidence interval.
The high E/I ratio group had a significantly shorter survival time (median overall survival time 1.6 vs 12.5 months, log-rank P < .001).
of body fluid may have a significant relationship with a poor prognosis in patients with cancer.
14 Our results are consistent with the results of previous studies of patients with ESRD. 28, 29 Cancer patients with a high E/I ratio experienced poorer nutrition, more inflammation, and poorer survival expectancy. Notably, the median value of the E/I ratio in the present study was much higher than that in patients with ESRD. This difference can be interpreted as follows. First, terminally ill patients with cancer experienced worse fluid imbalance, which resulted in a high E/I ratio. Although ESRD studies followed patients for 60 to 150 months, more than half of those patients did not meet the median survival in the Kaplan-Meier survival curve. On the other hand, our study reported a median survival of 1.6 months in the high E/I ratio group. Second, malnutrition in patients with cancer was more related to sarcopenia and loss of muscle than to the loss of other body mass. 34 Because muscle contains more water than adipocytes and other tissues, the E/I ratio can be influenced by sarcopenia in patients with malnutrition in this study.
This study has some limitations. First, because muscle contains more water than adipocytes, the E/I ratio can be influenced by the difference in muscle distribution. Second, this study was a small sample-sized retrospective study performed at a single center.
In conclusion, the E/I ratio may be used to predict survival in patients with metastatic cancer. A well-designed large-scale prospective study is required to support this result.
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